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Researchers Propose Single Grade Rule
For Evaluating Hardwood Pallet Cants

In “price taker” markets, successful
businesses are the low cost producers,
and pallet manufacturers are no excep-
tion.

The single largest cost component of
pallet manufacturing is raw material
costs. Cants and lumber typically ac-
count for over 60% of operating costs. In
the last three decades, cants have re-
placed lumber as the primary raw mate-
rial for hardwood pallet manufacturers.
As stumpage prices and competition for
wood-based raw materials increase, pal-
let cant prices will continue to rise as
well,

The value of cants to pallet manufac-
turers is a function of pallet part yield
and sawing costs. A previous U.S. Forest
Service study examined the percentage
of unsound volume in hardwood pallet
cants. This research showed that 90% of
hardwood cants have less than 10% un-
sound volume, and that only 2% of cants
have more than 30% unsound volume.

This study, as well as the others, sup-
ports the justification that cant quality
can and should be assessed in order to
predict pallet part yields and to better
control raw material costs. Knowing the
value of cants will help pallet manufac-
turers more accurately control costs and
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Table 1. Proposed preliminary minimum grade rules for hardwood cants

used in this study.

Grade Description

Pallet Cant Grade Percent of Unsound Wood Faces Ends
| Lither (a) 0-15% 3 Faces Sound | End Sound
or (b) 0-15% 4 Faces Sound No Sound Ends
5 Either (a) 16-30% 2 Faces Sound 1 End Sound
or (b) 16-30% 3 Faces Sound No Sound Ends
3 Over 30%

govern cant quality.

* Grade decisions should be made using percent unsound rules when internal defects

* Unsound wood includes splits, wane, shake, insect holes, rot and decay (not drying checks).
* A sound face or end contains 90% of the face area in sound wood.

price products. Nevertheless, even
though pallet cants are the largest vol-
ume hardwood lumber product produced
in the U.S.. no standard grading rules
exist for pallet cants.

The National Hardwood Lumber As-
sociation (NHLA) provides grading cri-
teria for Common Timbers and industrial
Blocking that indicate the allowance of
unsound wood as long as strength for
intended use is not impaired due to this
defect. However, unsound volume re-
strictions and size and number of cutting
units are not specified. Other hardwood
cant grade rules have been dcveloped
over the years, but they have been com-
plex and not reflective of pallet part ac-
ceptance criteria.

Virginia Tech researchers earlicr de-

veloped cant grade rules representing a
three-level partitioning of the range of
cant quality observed during previous
mill studies. Using these preliminary
grade rules, researchers at Virginia Tech
recently studied the relationship between
cant quality and pallet part yields. As a
result of this study a revised cant grading
procedure was proposed.

Research Objectives

1. To determine the relationship be-
tween cant quality and the yield of pallet
parts

2. To determine how processing sys-
tems and saw patterns affect pallet part
yield.

3. To develop a practical pallet cant
grading procedure.
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Table 2. Summary of cants, pallet part yields, and salvage material from hardwood cants processed at 28 cooperating pallet mills.

*COV = coefﬁcien( of variation (s(ar_ldard deviation / mean)

Materials and Methods

Processing data was collected from 28
hardwood pallet mills located through-
out the central and eastern U.S. The
sampled mills utilized a range of pro-
cessing equipment. Cant and pallet part
characteristics also varied between mills.

Two bundles of about 2,000 board feet
of cants were graded at each mill study
location. Cant bundles were randomly
chosen without regard to appearance.
Cants were separated according to three
preliminary hardwood pallet cant grades.
These grades are described in Table 1.

Hardwood cants were graded by deter-
mining both the presence and extent of
internal or volumetric defects, such as
heart rot, decay, wane, insect holes,
shake, and splits. The cant grade was
based on the percentage of unsound
wood volume resulting from these de-
fects. Cants receiving the preliminary
grade of Grade 1 or Grade 2 were then
further graded by examining the ends of
the cants and all four faces. A cant end or
face was determined to be sound if more
than 90% of its surface area was sound.
Final cant grades were assigned accord-
ing to face grades. Cants were separated
and restacked by grade, and the cant vol-
ume per grade was calculated and re-
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| Number of Cants Cant Volume (bf) Part Volume (bl)_ -Salvagc Volume (hl)_ -
28_ m:ar; - Cant| mel_im_in;rﬁan? — P_reliminar_y Cant Preliminary Cant Total
Mills Grade | Total Grade Total | Grade Total | Grade

1 2 3 | 2 3 1 2 3 1 2 3

Total | 1409 | 388 | 219 2016 | 33207 | 8991 | 5063 | 47258 | 27113 | 6881 | 2459 36462 | 1379 244 | 131 | 1754
(%) 70% | 19% | 11% ‘ 19% | 11% |- 74% | 19% 7% 2 79% | 14% | 7% | -
x:xﬁf 0 |14 |8 | 72 1186 |321 | 181 1688 | 968 | 246 |88 1302 | 49 9 5 63
COV * | 50% | 70% | 103% | 40% | 63% |82% | 108% |47% | 66% | 84% ‘ 122% | 52% | 237%  176% |237%  206%

. =y

Figure 1. Preliminary Grade | hardwood cants.
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Figure 2. Schematic diagram showing typical defect losses associated
with processing hardwood cants into pallet parts.
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corded. Figure | shows typical hard-
wood pallet cants from Grade 1.

Each graded stack of cants was sawn
into pallet parts separately. In all studies,
cants were first cut to appropriate
lengths using a single-blade trim saw.
The cants were then ripped into final
part thicknesses. Ripsaws studied during
data collection were of two basic ma-
chinery classifications: circle gang saws
and multiple band saws. For each mill
study, the type of sawing blade used and
its corresponding saw kerf were re-
corded. Saw kerf was determined by
measuring the width of the saw teeth at
the cutting edge to the nearest 0.001]-
inch. Figure 2 shows a schematic dia-
gram of typical defect losses associated
with processing hardwood cants into
pallet parts.

As cants from each grade were pro-
cessed separately through the ripsaws,
unusable parts were discarded, and the
remaining parts were sorted and stacked
by size. While each mill discarded parts
with serious defects, the criteria by
which parts were discarded varied be-
tween mills. Parts accepted by saw op-
erators were evaluated for conformance
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Table 3. Range of pallet cant and part sizes from pallet mill studies (in inches).

Cant Pallet Part

Thickness| Width | Length | Thickness [Width| Length
Lowest 3.00 4.00 | 96.00 0.44 3.00 | 31.75
Highest 7.25 8.00 | 196.00 1.88 6.00 | 72.00

to industry standards (Uniform Stan-
dards for Wood Pallets). Parts graded
below the “lunited use” category and
that did not conform to the nailing area
requirements in the standards were also
rejected. All acceptable parts were tabu-
lated according to part size classifica-
tions.

Results and Discussion

The data collected at each mill in-
cluded number of cants, cant volumes,
part volumes, salvage volumes, and rip-
saw kerfs. Table 2 summarizcs the yield
study results for the 28 mills studied. In
all, 2,016 hardwood cants totaling
47,258 board feet were graded during
these studies. The total volume of pallet
parts and salvage material produced
were 36,462 and 1,754 board feet, re-

spectively.

Table 3 contains the range of pallet
cant and part sizes from the pallet mill
studies. The ranges represent the typical
cant and part sizes sawn by the pallet
industry.

Table 4 provides a summary of pallet
part yields as a function of cant grade,
defect loss, dimension loss and kerf loss.
Average total part yield was 78% for all
mills studied, and cant Grades [, 2, and
3 yielded an average of 83%, 77%, and
47% part volumes, respectively. Part
yield COV (coefficient of variation, or
standard deviation/mean) was 9%, 11%
and 21% for Grades |, 2, and 3, respect-
fully. Not surprisingly, yield COV for
Grade 3 cants was relatively large since
Grade 3 simply represents all levels of
unsound wood greater than 30%.
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Hardwood Cant Quality Distribution

The relative number of cants per
grade indicates the quality distribution
of cants used by the mills studied. Table
2 contains the total volume of each cant
grade sawn at the study pallet mills. Of
the 2,016 cants graded in the study, 70%
(1,409 cants) were Grade |, 19% (388
cants) were Grade 2, and 11% (219
cants) were Grade 3.

The high percentage of Grade | cants
by volume supports the basis that the
pallet industry is sawing a high percent-
age of sound cants. Nevertheless, the re-
sults of this study are only applicable
within the parameter ranges of the pallet
mills sampled. Market forces may result
in changes in these distributions.

Yield Losses

Three yield loss components were
calculated: defect loss, dimension loss
and kerf loss. From Table 4, average
yield loss (by component) for all cants
processed was as follows: 10% kerf loss,
7% defect loss and 5% dimension loss.

Defect loss was determined for each
cant grade. Kerf and dimension losses
are a function of the cutting bill, ripsaw
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Table 4. Average pallet part yields and yield losses from all 28 pallet mill studies.

Pallet Part Yield ’ Defect Loss
' Preliminary Cant Preliminary Cant | Dimen. m
Grade Total | Grade Total | Loss Loss
1 2 3 ‘ 1 2 | 3
(AVG | 83%  TI% | 41% T8% | 2% | 8% | 39% 1% 5% | 10%
! COV | 9% | 11% | 21% |12% | 76% | 34% | 28% |58% ‘ 102% \ 56%

blade orientation, equipment, and pallet
part and cant geometry. They are not
affected by cant grade and were there-
fore determined for all cants as a whole.
Pallet part yield is a combination of both
pallet stringers and deck boards.

Average defect losses were 2%, 8%
and 39% for cant Grades |, 2, and 3,
respectively. Defect loss COV for
Grades I, 2, and 3 was 76%, 34% and
28%, respectively. Although COV was
larger for Grades 1 and 2, the low mean
values reflect relatively small standard
deviations and are consistent with accu-
racy in the grading rules.

Statistical analysis indicated that de-
fect losses were significantly different
between all grades. Defect losses were
expected to be consistent with the per-
centage of unsound material by grade

according to the proposed hardwood
cant grading rules. The significantly low
defect losses for Grades | and 2 were
due to high quality cants with low vol-
umes of unsound material.

In this study, dimension losses in pal-
let mills producing multiple part sizes
were nearly 2% lower than mills produc-
ing only single size parts. Mills salvag-
ing short cant sections reduced dimen-
sion losses by 0.8% compared to mills
not salvaging cant sections.

Effects of Ripsaw
Selection on Yield

Ripsaw kerf ranged from 0.036-
inches to 0.188-inches with the average
being 0.109-inches. Ripsaw kerfs were
compared between circle gang saws and
multiple bandsaws. The average saw
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kerf thickness for multiple bandsaws
and circle gang saws were 0.056-inch
and 0.138-inch, respectively.

Thicker saw kerfs resulted in higher
kerf losses and lower yields, which im-
plies higher part costs. The average kerf
loss from multiple bandsaws and circle
gang saws was 6% and 13%, respec-
tively. This difference in kerf loss re-
veals that a 7% increase in yield can be
attained through the use of thin kerf
multiple bandsaws.

The large variation in kerf loss within
each saw kerf class is attributed to dif-
ferences in sawing patterns associated
with production of different pallet part
sizes. However, statistical analysis did
indicate that a significant correlation ex-
ists between saw kerf size and yield loss
due to kerf.

Evaluation of Grading

Determining the magnitude of inter-
nal defects in a cant was subjective, but
a good approximation was possible by
examining both ends and all four sides.
The grading process was quick because
cants with unsound volume greater than
30% were assigned a final Grade 3 with-
out requiring the application of face
grading rules. Determining the total vol-
ume of unsound material often allowed
the grader the ability to forgo further
examination of the sides and ends.

One problem with the grading criteria
used in this study was the caveat that a
Grade 1 cant must have at least four
faces that contain 90% or more of the
surface area in sound wood. A cant con-
taining wane (usually from small diam-
eter logs) but an otherwise low volume
of unsound wood (less than 15%) could
be initially classified as a Grade | cant.
However, the strict “90% sound wood
face” grading criteria downgraded some
Grade | cants with low percentages of
unsound wood to a Grade 2. Grade 2
cants often contained high percentages
of sound material. Resulting defect
losses were lower than the expected
15%-30% for this grade.

The proposed face grading criteria
was not accurate. The fact that average
defect loss was lower than expected in-
dicates the high percentage of sound
wood volume in hardwood cants. Low
defect losses, high average pallet part
yield, and little variation within these
two data groups support the adoption of

a singe cant grading rule.

Current market prices for hardwood
cants and pallet parts indicate that a
minimum pallet part yield of roughly 2/3
is required for a typical palilet manufac-
turer to break even economically. Con-
sequently, this indicates a maximum al-
lowable yield loss of 33%.

Since this research shows that average
kerf and dimension losses combine for
15% of total yield loss when processing
hardwood cants into pallet parts, it ap-
pears that unsound defect losses in ex-
cess of 18% would cause cants to be-
come unprofitable for pallet part pro-
duction.

However, it is important to note that
some unsound wood volume will be in-
cluded in kerf and dimension losses dur-
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ing cant processing. It is also true that,
depending on the grade of the part, sig-
nificant amounts of unsound wood are
permitted in pallet parts (Uniform Stan-
dards for Wood Pallets 2003). Other re-
strictions include no decay in stringer
notch areas, and no wane or decay on the
outer edge of end boards or on the ex-
posed sides of stringers or blocks.

Based on the break even yield loss
maximum of approximately 33% —
which includes the 15% for kerf and di-
mension loss unrelated to cant quality or
grade — it is reasonable to allow an
additional 15%-18% unsound wood vol-
ume to be permitted present in cants to
compensate for unsound wood lost in
kerf and dimension losses and unsound
wood permitted in pallet parts.

OCTOBER 2008 61



It is recommended that the hardwood cant grading rules
used in this study be simplified into a single, practical grade
rule based entirely on a maximum allowable unsound wood
volume of 1/3 total cant volume (33%).

Recommendations
For Cant Grade Rules

Hardwood cants range from 4x6 inches to 8x8 inches in
width and thickness and 8 feet and longer in length. In contrast
to general lumber or boards, a cant has four distinct faces and
two ends that require inspection when an attempt is made to
determine its overall quality.

In the case of hardwood cants for pallet parts. quality is
determined by the percentage of sound wood volume in a cant
from which pallet parts can be manufactured at a profit. From
this research, it has been determined that a cant should have at
least 2/3 sound wood volume. Unsound wood present in the
form of heart rot, decay, insect holes, splits, shake, and wane
reduce cant quality and compromise the yield of pallet parts
that can be obtained. Sound knots, however, are perfectly
acceptable.

Because of the three dimensional similarities between a cant
and a log, a simple cant grading technique is proposed that
draws on log grading criteria used by the Forest Service Stan-
dard Grades for Hardwood Factory Lumber Logs. Hardwood
cants come from the center of a log and are not significantly
affected by sweep or crook that may be present in a log. No
considerations for these defects are necessary. Since it has
been shown that a reasonable economic indicator for allow-
able unsound wood in a cant is roughly 33%, the proposed
hardwood cant grading rule allows up to, and including, 1/3 of
the volume in a cant to consist of unsound wood. The follow-
ing is a proposed grading procedure for hardwood pallet cants.

1. Observe and evaluate all four cant surfaces for volume-
reducing defects such as heart rot, dccay, insect holes, splits,
shake and wane.

2. Based on the area of unsound wood defects, select the
second from the worst face. This is then the grade face.

62 PALLET ENTERPRISE

3. Evaluating the grade face, determine the percentage of
unsound wood (GFD) as a ratio of the surface area of the
unsound defects on the face (SAD) to the surface area of the
face itself (SAF).

Grade face volume deduction (GFD) = SAD (in?)
SAF (in%)

4. Check for unsound end defects. Estimate interior un-
sound wood volume deductions present at the ends of the cant
(CED) using the methods for interior deductions described in
the Forest Service Standard Grades for Hardwood Factory
Lumber Logs. 1f unsound wood visible on the end of a cant is
adjacent to or the same as unsound wood observed on that end
of the grade face, 1ignore that unsound defect in the grade face.

5. Add the grade face (GFD) and the percent of cant end
(CED) volume deductions to determine the percent of total
unsound wood volume present in the cant.

Total unsound wood deduction GFD + CED

6. Cants with unsound wood volume in excess of 33% (1/3)

are below grade, and thereforc, cull material.

Conclusions

» Cant quality significantly affects pallet part yields. Pre-
liminary cant Grades |, 2, and 3 uscd in this study resulted in
average pallet part yields of 83%, 77%, and 47%, respectively.

* The preliminary hardwood cant grades resulted in average
defect losses of 2%, 8% and 39% for Grades 1, 2, and 3,
respectively.

* The pallet industry is using a relatively large percentage of
sound cants. Preliminary cant Grades 1 and 2 (cants with less
than 30% unsound wood volume) represented 89% of the
cants and cant volume in this study.

* Kerf loss is the largest yield loss component from process-
ing pallet cants into parts. In this study, kerf loss was 0%
followed by defect and dimension losses at 7% and 5%, re-
spectively.

+ Pallet part yields are 7% higher when thin-kerf bandsaws
are used instead of circle gang ripsaws.

+ Cutting multiple length parts resulted in a 2% higher yield
compared to single length part production from cants. Salvag-
ing short material increased part yield nearly 1%.

* A new hardwood pallet cant grading procedure was pro-
posed based on the forest Service Standard Grades for Hard-
wood Factory Lumber Logs. In this new procedure, unsound
wood volume is tallied from both a specified grade face and
the cant ends. When combined, unsound wood volume is
limited to a maximum of 1/3 the surface area of the grade face
and the unsound wood in the cnds of the cant.

For more information, contact Peter Hamner at the Virginia
Tech Center for Unit Load Design at (540) 231-3043 or e-mail
phamner@vt.edu. P

(Editor’s Note: Hal Mitchell is operations manager for At-
lanta Hardvwoods Corp. in Mableton, Ga.; Marshall White
(professor emeritus and past director of the Virginia Tech
Center for Unit Load Design) is president of White & Com-
pany Packaging Solutions Inc.; Phil Araman is a project
leader witl the U.S. Forest Service Southern Research Sta-
tion; Peter Hamner is a research associate with the Virginia
Tech Center for Unit Load Design.)
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